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LUBRICATION SYSTEM 



DESCRIPTION 



Technical Field 

The invention relates generally to a lubrication system for industrial equipment such as 
in a bearing dosage system, and more particularly to a grease reservoir that lubricates the 
fittings, joints and bearings of industrial construction or mining equipment such as loaders, 
5 excavators, crushers, and haul trucks. 



Background of the Invention 

Lubrication systems are well-known in the art, and are generally used to deliver grease 
to locations on various types of equipment. For example, lubrication systems are used to 
10 deliver grease to industrial and mining equipment. 

While the lubrication systems of the prior art provide a number of advantageous features, they 
nevertheless have certain limitations. As described herein, the present invention seeks to 
overcome certain of these limitations and other drawbacks of the prior art, and to provide new 
features not heretofore available. 

15 

Summary of the Invention 

The present invention provides a lubrication system including a reservoir suited for use 
in a bearing dosage system. The reservoir has a body, a top and a bottom. The body may be 
that of virtually any polyhedron. The body, the top and the bottom define the volume of the 

20 reservoir. The reservoir further comprises a passage through the body proximate to the bottom 
and a substantially planar follower moveably disposed in the body. The passage serves as an 
opening through which access may be gained to the interior of the reservoir and is used 
primarily for filling the reservoir with the desired lubricant such as grease. The follower has a 
configuration that conforms to the cross-sectional contour of the body. The system may also 

25 comprise a pump operably coupled to the reservoir. Examples of the pump are a hydraulic 

pump, air pump, electric pump or any other suitable pump. The pump delivers grease from the 
reservoir to remote equipment locations. 
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The reservoir further comprises an alarm system disposed proximate to the top. The 
alarm comprises an electrical switch operably associated with the follower and generates a 
signal when the follower is at a predetermined location in the body. The body further comprises 
an inner surface. In one embodiment, the follower has a circumferential lip that engages and 
5 preferably seals the inner surface of the body. The lip acts as a wiper or squeegee to remove 
lubricant from the inner surface of the body as the follower moves therein. The lubrication 
system also provides means for preventing the follower from abutting the bottom of the 
reservoir. In one embodiment of the lubrication system, the reservoir comprises an overflow 
passage through the body proximate to the top. 

10 One benefit of the lubrication system is that the alarm generates a signal, such as an 

electrical signal or indication, when the follower is at a predetermined location in the body. The 
signal may be detected by any human sense. The signal is a warning, particularly a low-level 
warning or a high-level warning with respect to the level of the lubricant in the reservoir. The 
low-level warning is activated when the follower is at a predetermined lower location in the 

15 body wherein the reservoir has a predetermined amount of usage time remaining, such as a 
standard work shift, before the reservoir is substantially emptied or before the reservoir no 
longer operates normally. The high-level warning is activated when the reservoir is being filled 
by an external supply of lubricant wherein the follower reaches a predetermined upper location 
in the body wherein the signal acts to automatically interrupt the external lubricant supply. 

20 Generally, the alarm system generates a signal based on the position of the follower as the 
follower moves between two predetermined, or fixed points in the body. 
It is understood that both the foregoing general description and the following detailed 
description, including the drawings, are exemplary and explanatory and are intended to provide 
further explanation of the invention as defined by the claims. 

25 

Brief Description of the Drawings 

FIG. 1 is a side elevation view of a lubrication system mounted on a construction 
vehicle. 

FIG. 2 is a side elevation view of an embodiment of a lubrication system of the present 
30 invention. 

FIG. 3 is a side elevation view of a prior art lubrication reservoir. 
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FIG. 4 is a side elevation view of another prior art lubrication reservoir. 
FIG. 5 is a top view of the lubricant system of FIG. 2. 

FIG. 6 is a cross-sectional view of the lubrication system of FIG. 2 showing a follower 
and an alarm system associated with the follower. 
5 FIG. 6 A is a cross-sectional view of the lubrication system of FIG. 6 showing two 

alarms operably associated with a single power source. 

FIG. 7 is a cross-sectional view of the reservoir of the lubrication system of FIG. 6 
where the follower is in a higher position relative to FIG. 6. 

FIG. 8 is a cross-sectional view of the reservoir of the lubrication system of FIG. 6 
10 where the follower is in a higher position relative to FIG. 7. 

FIG. 9 is a cross-sectional view of the reservoir of the lubrication system of FIG. 6 
where the follower is in a higher position relative to FIG. 8. 

FIG. 10 shows a shut-off valve coupled to a passage disposed on the reservoir of FIG. 2. 

FIG. 1 1 shows a basic schematic of a fill station on a construction vehicle such as is 
15 shown in FIG. 1, the fill station adapted to be operably coupled to the lubrication reservoir. 

FIG. 12 is a partial schematic view of an alternative embodiment of a low-level alarm of 
the present invention. 

FIG. 13A is a partial schematic view of an alternative embodiment of a switch used in a 
low-level alarm of the present invention. 
20 FIG. 13B is a partial schematic view of an alternative embodiment of a switch used in a 

high-level alarm of the present invention. 

FIG. 14A is a partial schematic view of another alternative embodiment of a switch used 
in a low-level alarm of the present invention. 

FIG. 14B is a partial schematic view of another alternative embodiment of a switch used 
25 in a high-level alarm of the present invention. 



Detailed Description 

While this invention is susceptible of embodiments in many different forms, and will 
herein be described in detail, preferred embodiments of the invention are disclosed with the 
30 understanding that the present disclosure is to be considered as exemplifications of the 
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principles of the invention and are not intended to limit the broad aspects of the invention to the 
embodiments illustrated. 

FIG. 1 is a side elevation view of a lubrication system 10 mounted on a construction 
vehicle 15. The lubrication system 10 generally includes a lubrication reservoir or tank 20, a 
5 pump assembly 30, and an alarm system 40, all of which can be seen in FIGS. 2 and 6 through 
8. As one use of the invention, the lubrication system 10 comprises part of a bearing dosage 
system, and more particularly part of a lubricant metering device such as for delivering grease to 
the fittings, joints and bearings of industrial construction and mining equipment. As further 
shown in FIG. 1, the lubrication system 10 is operably connected to a plurality of conduits 17 
10 mounted on the equipment. Injectors 19 are connected at distal ends of the conduits 17 and 
positioned (shown schematically) to inject a lubricant at various fittings, joints and bearings of 
the vehicle 15. 

As shown in FIG. 2, the lubrication reservoir 20 is capable of holding a volume of 
grease. In one embodiment, the lubrication reservoir 20 generally comprises a body 50 having a 

15 top plate 60 and a bottom plate 70. The body 50, the top 60 and the bottom 70 generally define 
the volume of the reservoir 20, which is described in further detail below. The reservoir 20 also 
comprises a follower 80 (FIG. 6) disposed in the body. In one embodiment, the top 60 and the 
bottom 70 extend beyond the body 50, though that is not necessary because it is contemplated 
that the top 60 or the bottom 70, or both, may terminate with the body 50. The bottom 70 may 

20 also have a flange that includes mounting structure for attachment to the vehicle 15. The shape 
of the body 50 may be substantially cubic or substantially cylindrical. In the case where the 
body 50 is substantially cylindrical, then the top 60 and the bottom 70 may also be substantially 
cylindrical such that all three components would have a respective diameter, which need not be 
equal in all cases. Generally, it is recognized that the lubrication reservoir 20 can take many 

25 different forms, including that of virtually any polyhedron. 

The body 50, the top 60, and the bottom 70 each preferably comprise a metal or metal 
composite, including aluminum, mild steel or stainless steel, brass or any other suitable 
material. Other materials such as plastics are also possible. The top 60 and the bottom 70 may 
be connected to the body 50 by any suitable means known in the art, including without 

30 limitation, welds, bolts, screws and magnets. The body 50 may have a flange to cooperate with 
the top 60 for a suitable connection. The bottom 70 may be similarly connected or welded to 
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the body 50 if desired. The top 60 is preferably removably attached to the body 50 so that the 
interior or cavity 25 of the reservoir 20 may be inspected, repaired or cleaned, if necessary. 
FIG. 5 shows the top 60 attached to the body 50 through a series of bolts 90. The reservoir 20 
may further comprise a seal 55 (shown in FIG. 2) between the body 50 and the top 60, as well as 
5 between the body 50 and the bottom 70, where the seal comprises a suitable elastomeric 

material such as rubber. The purpose of the seal is to keep contaminants out of the reservoir 20, 
preferably making the reservoir 20 hermetic. 

As further shown in FIG. 2, the reservoir 20 further has a fill port 100 through the body 
50 proximate to the bottom 70. What is meant by proximate to the bottom 70 is that the fill port 

10 100 is generally located on the lower half of the body 50 or on the bottom 70. In one 

embodiment, the fill port 100 is located approximately one inch from the bottom 70. The fill 
port 100 serves as an opening through which access may be gained to the interior or cavity 25 of 
the reservoir 20 and is used primarily for filling the reservoir 20 (described below) with the 
desired lubricant such as grease. In one embodiment, the size of the fill port 100 is from about 

15 one-half inch to about one inch and is a standard NPT threaded inlet with full coupling. 

As further shown in FIG. 2, the reservoir 20 also has an overflow passage 130 through 
the body 50 proximate to the top 60. What is meant by proximate in this instance is that the 
overflow passage 130 is located such that communication from the inside to the outside of the 
reservoir 20 is provided through the top 60 or through the upper half of the body 50. The 

20 overflow passage 130 comprises a one-way check valve or solenoid valve, or any other suitable 
valve, such that communication is not provided from the outside to the inside of the reservoir 
20. This design minimizes potential contamination of the contents inside the reservoir 20. In 
one embodiment, the overflow passage 130 is located about three inches from the top 60 of the 
reservoir 20 and comprises a one-half inch NPT threaded outlet with half-coupling. It is further 

25 understood that the reservoir 20 is vented by a vent hose or conduit as is known. 

It is understood that the reservoir 20 could be dimensioned and constructed to hold any 
predetermined volume of lubricant. The body 50 has or defines an inner surface 140 (FIG. 6). 
The inner surface 140 of the body 50 aids in defining the volume of the reservoir 20 together 
with the top 60 and the bottom 70. In one preferred embodiment, such as shown in FIG. 2, the 

30 body 50 has a width w of approximately 15 inches, which may also be considered an inner 
diameter of the body 50. Also in the one preferred embodiment, the body 50 may have a 
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height h of approximately 19 l A inches. With this height h and width w, the reservoir 20 has a 
volume of about 14.72 gallons or approximately 15 gallons. A reservoir 20 having such a 
volume may also be referred to as a 90 lb. reservoir. This preferred embodiment of the reservoir 
20, where the reservoir 20 has a height h of about 1 9 V4 inches and a width w of about 1 5 inches, 
5 results in a height/width ratio of the reservoir 20 of approximately 1.283. Also, in one preferred 
embodiment, the lowermost portion of the overflow passage 130 is located approximately 3 Vi 
inches from a top of the reservoir 20. Accordingly, as a follower 80 associated with the system 
10 does not move past the overflow passage 130, the reservoir 20 has a "usable" height of 
approximately 15 % inches. Therefore, the reservoir 20 has a usable volume of approximately 
10 12.04 gallons. Finally, using the usable height, the reservoir has a usable height/width ratio of 
the reservoir 20 of approximately 1.05. Other embodiments of the lubrication system 10 may 
comprise a reservoir 20 having a height greater than or equal to about 15.0 inches, and a ratio of 
its height to width of less than or equal to about 1.3, preferably less than or equal to about 
1.283. 

15 FIGS. 3 and 4 show reservoirs of the prior art having different height/width ratios than 

that of FIG. 2. Referring to FIG. 3, the reservoir has a height of approximately 19.4 inches and 
a width of approximately 12 9/16 inches, resulting in a height/width ratio of 1.54. The 
reservoir of FIG. 3 has a volume of approximately 10.32 gallons. The reservoir of FIG. 3 may 
be referred to generally as a 60 lb. reservoir. The reservoir of FIG. 4 has a height of 

20 approximately 28 inches and a width of approximately 12 9/16 inches, and thus a height/width 
ratio of approximately 2.23. The reservoir of FIG. 4 has a volume of approximately of 15 
gallons. The reservoir of FIG. 4 may be referred to generally as a 90 lb. reservoir. It is 
understood that the reservoirs shown in FIGS. 3 and 4 also have usable volumes that are 
reduced respectively from the volumes discussed above, as it is understood that the followers in 

25 these reservoirs also do not move all the way to the top of the reservoir body. 

As discussed, the one preferred embodiment of the reservoir 20 of FIG. 2 results in a 
reservoir 20 having a shorter height h yet a greater width w than other reservoirs, such as those 
shown in FIGS. 3 and 4. This improved design increases the field of vision for the user or 
operator, particularly the operator of industrial loaders, excavators, crushers, and haul trucks 

30 such as the construction vehicle 1 5 shown in FIG 1 . For example, as can be appreciated from 
FIG. 1, the lubrication system 10, utilizing the reservoir 20 of FIG. 2, does not extend vertically 
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past the guardrails 13 on the vehicle 15. The reservoir 20 also includes the preferred 90 lb. 
volume. It is generally desirable to have an increased volume so that refills of the reservoir are 
required less frequently. The reservoir shown in FIG. 3, when mounted on the vehicle 15 also 
would have a height less than the guardrails 13. This reservoir, however, is only a 60 lb. 
5 reservoir, thus less than the volume of the reservoir 20 of FIG. 2. The reservoir of FIG. 3 
requires more frequent refills in operation. FIG. 4 shows the prior art reservoir having an 
increased 90 lb. volume. However, when the reservoir of FIG. 4 is mounted on the vehicle 15, 
the reservoir extends past the guardrails 13 as shown in FIG. 4, and can be appreciated from 
FIG. 1. This is undesirable as it decreases an operator's field of vision. 

10 As stated above, the reservoir 20 further comprises a follower 80 that is circumjacent to 

the body 50. As shown in FIGS. 6 through 9, the follower 80 is moveably disposed in the body 
50 and moves between an upper position and a lower position, or two fixed points within the 
body 50. In one embodiment, the follower 80 moves along a generally central axis inside the 
reservoir 20. The follower 80 may be substantially planar, and is preferably solid and inflexible. 

15 What is meant by solid is that the follower 80 is substantially, and preferably completely, 

devoid of an internal cavity. Other follower configurations are possible as is known. What is 
meant by inflexible is that the follower 80 has a mechanical modulus of elasticity greater than or 
equal to about 10,000 psi when measured according to ASTM E-8 for metals and ASTM D-638 
for plastics. The follower 80 is comprised of any suitable material such as aluminum or 

20 stainless steel, and preferably has a length (in the case of a substantially cubic body) or a 
diameter (in the case of a substantially cylindrical body) that is near or slightly less than the 
same value as the corresponding measurement found in the body 50. The follower 80 
preferably has a configuration that conforms to the cross-sectional contour of the body 50. It is 
noted that the follower 80 is constructed from a material and dimensioned accordingly, such 

25 that the follower 80 seals the grease within the body 50 from an outside environment and causes 
a partial vacuum in the area of the body 50 below the follower 80 when grease is pumped from 
the reservoir 20 by the pump assembly 30. 

As further shown in FIG. 6, the follower 80 may further comprise a circumferential lip 
160, which is adapted to engage the inner surface 140 of the body 50. What is meant by 

30 circumferential is that the lip 160 is disposed on at least one point at the external boundary or 
perimeter, or close thereto, of the follower 80. The lip 160 is preferably disposed around the 
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entire periphery of the follower 80. The lip 160 is made from any suitable material, such as 
elastomers. In one preferred embodiment, the lip is made from Buna-N material. It is 
understood that other inert materials may also be used. The lip 160 serves as a wiper or 
squeegee to remove any, and preferably the majority of, lubricant from the inner surface 140 of 
5 the body 50 as the follower 80 moves in the body 50. It is further understood that the follower 
80 generally seals the grease within the body 50. As will be discussed in greater detail below, 
as the pump assembly 30 pumps grease from the body 50, a partial vacuum is developed within 
the portion of the body 50 containing the grease. 

The follower 80 has a first receiving sleeve 170 disposed on a side proximate to a top 

10 portion 65 of the body 50. The first receiving sleeve 170 is preferably made of aluminum or 
stainless steel and is permanently attached to the follower 80 by any known means, such as by 
welding. The first receiving sleeve 170 may comprise at least two opposing walls but may be 
substantially circular in shape as well. The first receiving sleeve 170 cooperates with a portion 
of the alarm system 40, as will be described in greater detail below. 

15 The reservoir 20 may further comprise means for preventing the follower 80 from 

abutting the bottom 70. As shown in the FIGS. 6 through 9, the preventing means may be a 
stem 180 disposed on the follower 80, or a cable 190 that connects the follower 80 to the top 60. 
Other examples contemplated for the preventing means, which are not shown, include a stem 
disposed on the bottom 70 or a stem disposed on the inner surface 140 of the body 50. Other 

20 structures that could cooperate with the follower 80 are possible. The preventing means is made 
from any suitable material such that it prevents the follower 80 from abutting the bottom 70. 
The cable 190 also assists in maintenance of the system 10 when the follower 80 may be lifted 
out of the body 50. In this case, the follower 80, pump assembly 30 and alarm system 40 may 
be lifted out of the body 50 as an assembly or contained unit. 

25 As also shown in FIGS. 6 through 9, the lubrication system 10 further comprises the 

pump assembly 30. The pump assembly 30 preferably comprises a pump 200 with a central 
pump shaft 150. The pump 200 is operably connected to the reservoir 20. The central pump 
shaft 150 has a first end 152 defining an exit aperture 205, and a second end 154 defining a 
lubricant inlet 156. The pump 200 pumps the lubricant L from the reservoir 20, through the 

30 inlet 156 at the second end 154, then through the central pump shaft 150 towards the first end 
1 52, then through the exit aperture 205 and to a predetermined location. The exit aperture 205 
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may be located anywhere on the reservoir 20. It is understood that the reservoir 20 has a 
suitable aperture to accommodate the pump assembly 30. In one preferred embodiment, the top 
60 has an aperture to accommodate the pump shaft 150. The follower 80 also has an aperture to 
accommodate the pump shaft 150. In a contemplated use for the reservoir 20, the 
5 predetermined location is the injector 19 at the joints or bearings of industrial equipment, 
particularly industrial construction or mining equipment, and more particularly loaders, 
excavators, crushers, and haul trucks. Although the figures show the pump 200 coupled to the 
top 60 of the reservoir 20, it is contemplated the pump 200 could be side-mounted to the body 
50 of the reservoir, or mounted underneath the reservoir 20 at its bottom 70, or even inside the 

10 reservoir 20. It is also understood that the reservoir 20, as shown in the figures, is properly 
vented as is known. It is further understood that in the lubrication system 10 of the present 
invention, the pump 200 is not necessary wherein lubricant can be transferred from the reservoir 
20 by other transfer means. 

Provided that a suitable connection was used, the pump 200 could be operably 

15 associated with the reservoir 20 from any distance. The type of the selected pump, such as a 
hydraulic pump, an air pump or electrical pump depends on, among other things, the intended 
use of the reservoir 20. The selection may also depend on the contour (e.g., drum, canister, pail, 
cube, container, and the like) of the reservoir 20. 

As stated above, the lubrication system 10 further comprises an alarm system 40, which 

20 comprises one or more alarms. Each alarm is preferably powered by a suitable power source. 
In one preferred embodiment, the alarm system 40 is connected to a battery 1 8 associated with 
the construction vehicle 15 such as shown in FIG. 1. Where the lubrication system 10 
comprises more than one alarm, the alarms may be connected to the battery 1 8 by suitable 
electrical connections as is known in the art. FIG. 6A shows an embodiment of the reservoir 

25 20 of the present invention with a first alarm 210 and a second alarm 220 both connected 

(shown generally schematically) to the same battery 18, though each alarm 210,220 may have a 
separate power supply. It is also understood that the alarms 210,220 are suitably grounded as is 
known. The alarm system 40 may comprise a plurality of different types of alarms to indicate 
various operational parameters of the system 10. For example, the alarm system 40 may 

30 comprise a low-level alarm 210 or a high-level alarm 220 with respect to the level of lubricant 
in the reservoir 20. The alarm system may generate a signal when the follower is at a 
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predetermined location in the body. Such predetermined location could be a lower position or 
an upper position. In one preferred embodiment, the lower predetermined position is not a 
follower position represented by an empty reservoir 20. 

In one embodiment shown in FIGS. 6 through 9, the alarm system 40 comprises a first 
5 alarm 210 and a second alarm 220, both operably associated with the follower 80. The first 
alarm 210 generates a low-level warning when the reservoir 20 has a predetermined amount of 
usage time remaining. The second alarm 220 generates a high-level warning when the reservoir 
20 is full or has a predetermined fill volume remaining. Other alarms are possible that are 
indicative of different parameters of operation of the reservoir 20 or the lubrication system 10. 

10 As is understood and will be described in greater detail below, the follower 80 generally rests on 
the top portion of the lubricant L contained in the reservoir 20. As discussed, the follower 80 
defines a sealed environment in this portion of the body 50. As the level of lubricant changes in 
the reservoir 20, the follower 80 moves within the reservoir 20 along with the level of the 
lubricant L. Thus, as lubricant L is pumped from the reservoir 20, the follower 80 moves along 

15 the body 50 towards a lower portion of the body 50. When the follower 80 is at a 

predetermined location in the body 50 towards the lower portion of the body 50, the first alarm 
210 indicating a low lubricant level will be activated. When the reservoir 20 is filled with 
lubricant L, the follower 80 moves along the body 50 towards an upper portion of the body 50. 
When the follower 80 is at predetermined location in the body 50 towards the upper portion of 

20 the body 50, the second alarm 220 indicating a high-level will be activated. As described in 
greater detail below, the supply of lubricant filling the reservoir 20 will be automatically 
interrupted. 

The first alarm 210 may comprise an electrical switch 230 operably connected to the 
follower 80 to indicate a low-level of lubricant in the reservoir 20. The first alarm 210 may also 

25 generate a signal, such as an electrical indication, when the follower 80 is at a predetermined 
location in the body 50. As further shown in FIGS. 6 through 9, the first alarm 210 is disposed 
on the reservoir 20 proximate to the top 60. What is meant by proximate to the top 60 is that 
the first alarm 210 is located on the top 60 or on the upper half of the body 50. It is preferably 
that the first alarm 210 is located generally on top of the reservoir 20. Other locations are 

30 possible as can readily be understood from the present disclosure. In one preferred 

embodiment, the first electrical switch is a single-pole, double-throw switch. Other types of 
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switches are also possible. In this embodiment, the first electrical switch 230 has an open 
contact 211 and a closed contact 213. The electrical switch 230 is operably connected to the 
follower 80 by a first biasing assembly 240. The first biasing assembly 240 generally includes a 
first spring-loaded rod 250 and a weight assembly having a first weight 260 and a first cable 
5 270. The spring-loaded rod 250 is adapted to engage the electrical switch 230. The first cable 
270 has one end connected to the rod 250 and another end connected to the first weight 260. 
The first cable 270 may comprise any suitable material such as an elastomer, a spring, a metal 
or a metal composite chain. The first rod 250 may also be considered as part of the first switch 
230. The first spring-loaded rod 250 is spring-loaded by a spring 280 that is generally 

10 positioned on the rod 250 between the top 60 and the electrical switch 230. The first cable 270 
is connected to the spring-loaded rod 250 by a ring 290. Preferably, the rod 250 passes through 
an aperture 300 in the top 60 such that the rod 250 may pass through the aperture 300 but the 
spring 280 cannot. The first weight 260 hangs from the cable 270 into the body 50 and is 
generally positioned in the first receiving sleeve 170. A keeper ring may be included with the 

15 sleeve 170 to maintain the first weight 260 within the sleeve 170 if the follower 80 is removed 
from the body 50 such as during maintenance. In certain positions, the first weight 260 rests on 
and moves with the follower 80. Operation of the first alarm 210 will be described below. 

In an alternative embodiment shown in FIG. 12, the weight assembly may have different 
structure. For example, a box-type retainer 480 may be connected to the top surface of the 

20 follower 80. The retainer 480 receives a bar-shaped member 482 that is biased within the 

retainer 480. As further shown in FIG. 12, a retainer spring 484 is mounted between a surface 
on the bar member 482 and an inner surface of the retainer 480. A distal end of the bar member 
482 is connected to the cable 270. The retainer spring 484 is selected such that it provides 
sufficient resistance as the follower 80 is lowered in the body 20 wherein the low-level alarm 

25 210 is activated when the follower 80 reaches the predetermined location. As shown in FIG. 
12, once the alarm 210 is activated, it is understood that the follower 80 can still move as the 
bar member 482 can still move within the retainer 480 wherein the retainer spring 484 is 
compressed on further movement of the follower 80. The amount of play between the bar 
member 482 and retainer 480 can be dimensioned as desired. 

30 As further shown in FIGS. 6-10, the lubrication reservoir 20 may further comprise a 

second alarm 220, which is also capable of generating a signal, such as an electrical indication, 
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like the first alarm 210. In one embodiment, the second alarm 220 is operably associated with 
the follower 80 and generates a high-level warning when the reservoir 20 is full or has a 
predetermined fill volume remaining. The second alarm 220 may comprise a second electrical 
switch 310. Like the first alarm 210, the second alarm 220 is also disposed on the reservoir 20 
5 proximate to the top 60. 

In one embodiment, the second electrical switch 3 10 is operably connected to the 
follower 80 by a second biasing assembly 320. The second electrical switch has a closed 
contact 3 1 1 and an open contact 313. The second biasing assembly 320 generally includes a 
second spring-loaded rod 330 and a second weight assembly including a second weight 340 

10 interconnected by a second cable 350. The second spring-loaded rod 330 is adapted to engage 
the second electrical switch 310. The second cable 350 may comprise the same material as the 
first cable 270. The second spring-loaded rod 330 is spring-loaded by a second spring 360 that 
is generally positioned on the second rod 330 between the top 60 and the second electrical 
switch 310. The second cable 350 is connected to the second rod 330 by a second ring 370. 

15 Preferably, the second rod 330 passes through a second aperture 380 in the top 60 such that the 
second rod 330 may pass through the second aperture 380 but the second spring 360 cannot. 
The second weight 340 hangs from the second rod 330 by the second cable 350 and into the 
body 50. The second rod 330 may be considered as part of the second switch 310. In one 
embodiment shown in FIG. 9, the follower 80 may have a second receiving sleeve 390 on a side 

20 proximate to the top 60 that is adapted to receive the second weight 340. 

Preferably, the second alarm 220 is operably associated with a valve 120, or shut-off 
valve 120. The valve 120 is connected in fluid communication with the fill port 100. The valve 
120 controls the selective opening and closing of the port 100. In one preferred embodiment, 
the shut-off valve 120 is a solenoid valve that is electrically connected to the second electrical 

25 switch 310 via an electrical connector 396. Other types of valves could also be utilized. As 
further shown in FIG. 6, a fill switch is included between the second electrical switch 310 and 
the battery 18. A fill conduit may be connected to the valve 120. The fill switch and fill 
conduit may be considered to comprise components of a fill station 400. The fill station 400 
could be integrally mounted on a vehicle 15 in one preferred embodiment. The fill station 400 

30 and associated components will be described in greater detail below. 
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One benefit of the reservoir 20 is that both the first alarm 210 and the second alarm 220 
are capable of generating a signal. The signal may be audible, visual or felt, or detected by any 
human sense. What is meant by felt is that the signal is generated in a manner that is detected 
by the sense of touch, such as where the signal is a vibrating element. It is contemplated that 
5 any given signal may be detectable by two or more senses. According to one embodiment, the 
signal is a warning, particularly a low-level warning or a high-level warning with respect to the 
level of the lubricant in the reservoir 20. If the high-level warning signal is generated, 
particularly during refilling of the reservoir 20, the present invention provides for automatically 
stopping the refilling process. A signal may be detected at a place other than proximate to the 

10 reservoir 20 such as inside the operator's cab of the construction vehicle 15. 

In one embodiment, the signal is a low-level warning that represents that the reservoir 
20 contains an amount of lubricant representing a predetermined amount of usage time 
remaining before the reservoir 20 is substantially emptied or before it will no longer operate 
normally. The predetermined amount of usage time remaining is preferably a length of time of 

15 a work shift. The amount of usage time could be any finite period of time including a minute. 
In other embodiments, the predetermined amount of usage time remaining is at least five 
minutes, at least thirty minutes, preferably at least one hour, more preferably at least six hours, 
more preferably at least twelve hours, and even more preferably at least twenty-four hours. In 
yet other embodiments, the predetermined amount of usage time remaining could be any 

20 number of minutes, hours or days, or even the length of a work shift. The predetermined 

amount of usage time remaining will vary depending on the volume of the reservoir 20, as well 
as the rate of use. Preferably, the reservoir 20 will continue to operate in the same manner 
before and after a signal is generated until an event occurs that inhibits normal operation such as 
depletion of the lubricant supply or cavitation of the pump. It is understood that the 

25 components of the alarm system can be structured in varying dimensions, for example, to vary 
the desired predetermined amount of usage time. In one example, the cable 270 can be 
shortened wherein the low-level alarm 210 may be activated when the follower 80 is at a higher 
position in the body 50. In such case, the predetermined amount of usage time will generally be 
increased, as a greater amount of lubricant L will be present in the body 50 when the alarm 210 

30 is activated. 
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The signal may also be a high-level warning that represents that the reservoir is full or 
has a predetermined fill volume remaining. The predetermined fill volume remaining may be 
any value of the reservoir's volume between the reservoir 20 being completely emptied or 
completely filled. In one embodiment, the predetermined fill volume remaining represents the 
5 volume remaining in the reservoir 20 that may be displaced with lubricant before the reservoir 
20 is substantially filled, will be overfilled, or before the reservoir 20 will no longer operate 
normally. The second alarm 220 will automatically interrupt flow of an external supply of 
lubricant L as described below. It is understood that the components of the high-level alarm 
system can also have varying dimensions, for example, to adjust when the high-level alarm is 
10 activated. 

FIG. 1 1 shows a basic schematic of a fill station 400. In one preferred embodiment, the 
fill station 400 will be integrally mounted on the construction vehicle 15 to provide for easier 
refilling of the reservoir 20 as will be described in greater detail below. The fill station 400 
generally includes a fill switch 402 and a fill conduit 404. As previously discussed, the fill 

15 switch 402 is electrically connected between the battery 18 and the second electrical switch 310 
associated with the second alarm 220. As part of the fill station 400, the fill switch 402 is 
mounted on a panel 406 mounted on the vehicle 15 (FIG. 1). The fill conduit 404 has an inlet 
coupler 408 that is mounted on the panel 406. A distal end of the fill conduit 404 may be 
connected to the valve 120 by any suitable connection including a quick disconnect type 

20 connector (FIG. 10) known in the art. The fill conduit 404 can be mounted on the vehicle 15. 

As will be described in greater detail below and further shown in FIG. 1 1 , the fill station 
400 cooperates with an external supply of lubricant L. The external supply of lubricant L may 
be part of a lubricant supply vehicle and include a lubricant reservoir 420 and a supply pump 
422. The supply pump 422 has an outlet conduit 424 that is adapted to connect to the inlet 

25 coupler 408 of the fill conduit 404. The supply pump 422 can also include an electrical switch 
426 that can be plugged into an optional receptacle on the panel 406 that could be operably 
connected to the switch 310. The overall operation of the fill station 400 and external lubricant 
supply will be described in greater detail below. 

Referring generally to FIGS. 6-11, the operation of the lubrication system 10 will now 

30 be described. In one preferred form of the invention, the lubrication reservoir 20 may be pre- 
filled with a full supply of lubricant L such as grease at the factory where the system 1 0 is 
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initially fabricated. The system 10 is then installed on, for example, the construction vehicle 15 
as shown in FIG. 1. The appropriate connections are made such as the pump outlet 205 to the 
supply conduits 17. Injectors 19 are connected at distal ends of the conduits 17 and positioned 
to inject the lubricant L at various fittings, joints and bearings of the vehicle 15. Other 
5 connections are also made such as the fill conduit 404 to the fill valve 120, as well as the 

necessary electrical connections. In this condition, the level of lubricant L in the reservoir may 
be as shown in FIG. 9, wherein the follower 80 rests on the level of lubricant L at generally an 
upper position in the body 50. The low-level alarm 210 is in an open position. The high-level 
alarm is in a closed position and the fill switch 402 is in an open or "Off position. There exists 

10 significant slack in the first cable 270 and the second cable 350 in this position. The first 

weight 260 and the second weight 340 rest and are supported on the top surface of the follower 
80. As previously discussed, the follower 80 seals the lubricant L in the body 50. 

As further shown in FIG. 9, the first alarm 210 remains inactivated with the first 
electrical switch 230 in an open position, i.e. positioned against the open contact 211. In this 

15 general condition, the first spring 280 has an uncompressed length of about two and three- 
quarters inches. With respect to the second alarm 220, the follower 80 is at a predetermined 
location within the body 50 to cause the second spring-loaded rod 330 to engage the second 
electrical switch 310 and maintain the second electrical switch 310 to a closed position, i.e. 
positioned against the closed contact 311. While the contact 3 1 1 is considered a closed contact, 

20 it represents the contact of the switch 310 that when the switch 310 moves to this contact 3 1 1 , a 
signal SH is generated indicating a high-level warning. This will be described in greater detail 
below. It is understood that the open/closed nomenclature with respect to the switches may be 
reversed without altering the operation of the system 10. As also shown in the system condition 
of FIG. 9, there is no electrical communication between the battery 18 and the fill valve 120. 

25 As the fill valve 120 is a normally closed valve, the valve 120 is closed in this condition. 

In this initial condition, an operator can operate the vehicle 15 thus utilizing the 
lubrication system 10 in the course of this operation. As is known, the pump assembly 30 is 
activated as necessary to deliver lubricant L, preferably in the form of grease, to the injectors 19 
at the various locations on the vehicle 15. As this is done, the level of lubricant L in the body 

30 50 of the reservoir 20 decreases. As the follower 80 rests on a top surface of the lubricant L, the 
follower 80 moves along the body 50 from the upper position to lower positions. For example, 
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FIG. 8 shows a condition of the reservoir 20 wherein lubricant L has been depleted and the 
follower 80 is lower than in FIG. 9. In this position, the low-level alarm 210 is not activated. 
There remains slack in the cable 270 and the first weight 260 remains supported by the follower 
80. Accordingly, the first electrical switch 230 remains in an open position. Further in this 
5 position, the follower 80 has moved to a position wherein the high-level alarm 220 moves from 
its closed position to its open position. In this position, the follower 80 no longer supports the 
second weight 340. The second weight 340 therefore hangs from the second cable 350 wherein 
the second cable 350 is taut. The second weight 340 thus pulls the switch 310 from the closed 
contact 3 1 1 to the open contact 313. It is understood, however, that because the fill switch 402 

10 remains in an open position, no electrical power is delivered through the switch 310 and to the 
fill valve 120. It is understood that as the pump assembly 30 pumps lubricant L from the body 
50, a partial vacuum is developed in the body 50 below the reservoir. 

As additional lubricant L is pumped from the reservoir 20, the follower 80 moves to a 
further lowered position in the body 50 such as shown in FIG. 7. In this particular position, the 

15 position of the electrical switch 310 of the high-level alarm 220 is unchanged from the position 
described above. When the follower 80 is lowered to a predetermined position within the body 
50, such as shown in FIG. 7, the low-level alarm 210 moves from the open position to the 
closed position, thus activating the alarm 210. In particular, when the follower 80 reaches this 
predetermined position, the first cable 270 elongates a sufficient amount wherein the first cable 

20 270 pulls the first rod 250, against the biasing force of the first spring 280, downwards. The 
first spring 280 is compressed to a length of approximately two inches. This downward force 
on the first rod 250 moves the switch 210 from the open position to the closed position wherein 
the switch 210 makes up the closed contact 213. When the contact 213 is made up by the 
switch 230, a signal SL is generated in the form of a low-level warning. This signal can be in 

25 suitable form as described above so that it is detected by the operator, such as a light and/or 
sound indication in the operator cab of the vehicle 15. The signal is an early warning such that 
it indicates to the operator that the reservoir 20 requires refilling shortly. Thus, activation of the 
low-level alarm 210 and generating the signal SL indicates that the reservoir 20 has a 
predetermined amount of usage time remaining. In other words, there remains in the reservoir 

30 20 an amount of lubricant L that can be used for generally a predetermined amount of time. 
This is in contrast to other prior art low-level alarms that merely provide a low-level alarm 
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when the reservoir is empty of lubricant L. In these prior art alarms, the follower is not further 
moveable in the body once the low-level alarm is activated. 

As discussed, the low-level alarm 210 is activated when the follower 80 is at 
5 predetermined location in the body 50 which represents a predetermined about of lubricant 
usage time remaining. Thus, at this condition, the lubrication system 10 can still operate 
normally for the indicated usage time remaining. Normal operation is assured because in the 
present invention, the follower 80 can still move downwards as the pump assembly 30 
continues to pump lubricant L from the reservoir 20. Movement of the follower 80 is essential 

10 for normal operation as it assures that lubricant L will be forced around the inlet 1 56 of the 
pump 200. If the follower 80 does not continue to move downwards and the pump 200 
continues to pump lubricant L from the reservoir 20, voids can form within the amount of 
lubricant L in the reservoir 20. These voids can cavitate the pump 200 and result in air being 
introduced in the system 10. This can lead to complete system failure. As such, the follower 80 

15 can still move downwards after the alarm 210 is activated because the first weight 260 is not 
permanently connected to the follower 80. As shown in FIG. 6, as the pump continues to pump 
lubricant L from the reservoir 20, the first weight 260 lifts off of the follower 80 and is 
suspended by the first cable 270. The first weight 260 moves relative to the sleeve 170, but is 
maintained within the sleeve 170. It is understood that the first weight 260 could be connected 

20 to the follower 80 that would still allow the follower 80 to move as in FIG. 6. For example, an 
elastic member could be provided between the first weight 260 and the follower 80. In addition, 
the first cable 270 itself could be formed of a material having sufficient elastic properties. Such 
connections would allow stretching of the member allowing further movement of the follower 
80 even after the low-level alarm 210 was activated. As shown in FIG. 6, the follower 80 

25 reaches its lowermost position as the stems 180 rest on the bottom plate 70 of the body 50. In 
this position, the first cable 270 is fully elongated. The first weight 260 remains within the 
sleeve 170 to assure proper readings. A structure such as a keeper ring may be used to assure 
that the first weight 260 remains within the sleeve 170. If the first weight 260 was not 
maintained within the sleeve 1 70, false low-level readings could result. The positioning cable 

30 190 is also fully elongated. The positioning cable 190 could minimize unwanted rotation of the 
follower 80 relative to the body 50, which could also lead to false low-level alarms. 
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As discussed, when the follower 80 moves to the predetermined location in the body 50 
and the low-level alarm 210 is activated, it indicates to the operator that the reservoir 20 must 
be refilled shortly. In a preferred embodiment, there is an amount of lubricant L remaining in 
the reservoir 20 to cover normal usage of the system 1 0 for a regular work shift for the operator. 
5 This could be an eight-hour time frame or other time frame as desired. As can be seen in FIGS. 
6 and 7 representing one preferred embodiment, the movement of the follower 80 from the time 
of low-level switch activation (FIG. 7) to when the follower is at its lowermost position (FIG. 6) 
is a relatively short distance. The components of the alarm 210 could be dimensioned to 
correlate to the desired time. The operator can then notify the appropriate personnel in charge 

10 of filling lubrication systems 10 on vehicles 15. As will be further understood from FIGS. 6-11, 
the lubrication reservoir 20 can then be filled from an external supply of lubricant L. 

As shown in FIGS. 6, 10 and 1 1, a lubrication vehicle, having an external supply of 
lubricant, may be positioned next to the vehicle 1 5 where it can cooperate with the fill station 
400 on the vehicle 15. As shown in FIG. 11, the external supply of lubricant is in the form of a 

1 5 larger lubrication tank 420 having the supply pump 422 in fluid communication with the tank 
420. The supply pump 422 has the outlet conduit 424 that is first connected to the inlet coupler 
408 of the fill conduit 404 of the fill station 400. This establishes a flow path between the 
external supply of lubricant to the fill conduit 404 and up to the fill valve 120. It is understood 
that the flowpath is properly primed. As previously described, it is understood that the second 

20 electrical switch 310 of the high-level alarm 220 remains making up the open contact 313 (i.e, 
closing the contact). As the fill switch 402 remains in the "Off position, no power is provided 
to the fill valve 120 and, therefore, the fill valve 120 is closed. When the fill operator is ready 
to fill the reservoir 20, the operator turns the fill switch 402 to the closed or "On" position. As 
further shown in FIGS. 6, 10 and 1 1, this provides power from the battery 18 to the fill valve 

25 120. This energizes and opens the fill valve 120 providing a fluid flow path into the reservoir 
20. 

The operator activates the supply pump 422 to begin delivering the external supply of 
lubricant L from the lubrication tank 420 to the reservoir 20. As lubricant L is pumped into the 
reservoir 20, the follower 80 rides on top of the lubricant level from the position shown in FIG. 
30 6 to the position shown in FIG. 9. As shown in FIGS. 7 and 8, as the follower 80 moves 

upwards in the body 50, the follower 80 raises the first weight 260 thereby allowing the biased 
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first rod 250 to move the first electrical switch 210 from the closed position to the open 
position. This eliminates the low-level alarm signal SL. The supply pump 422 continues to 
pump lubricant L into the reservoir 20 and the follower 80 is further raised towards a top of the 
body 50. As shown in FIG. 9, as the follower 80 continues to rise, the follower 80 supports the 
5 second weight 340 allowing slack to develop in the second cable 350. Accordingly, at this 
predetermined location at an upper location in the body 50 (and below the overflow opening 
130), the biased second rod 330 moves the second electrical switch 3 10 to the closed position 
wherein the open contact 313 is broken and the closed contact 31 1 is made up by the switch 
310. As a result, power from the battery 18 is removed from the fill valve 120 automatically 

10 closing the fill valve 120 and interrupting flow of the external supply of lubricant L into the 

reservoir 20. With the switch 310 making up the closed contact 3 1 1 , a high-level warning SH is 
generated. The fill operator can then turn off the supply pump 422, disconnect from the fill 
station 400, and open the fill switch 402. Thus, it is understood that when the follower 80 is at 
a predetermined location in the body 50, generally at an upper portion of the body 50, the 

15 second electrical switch 3 10 of the high-level alarm 220 will generate a signal SH indicating a 
high-level lubricant condition. Simultaneously, the high-level alarm 220 will close the fill valve 
120 interrupting the flow of lubricant L into the reservoir 20. 

With the high-level alarm 220 activated and the fill valve 120 closed, the fill operator 
can then turn off the supply pump 422, and open the fill switch 402. In an alternative 

20 embodiment, the supply pump 422 can be equipped with the additional switch 426 that can be 
plugged into a suitable receptacle in the fill station 400 to be in communication with the second 
electrical switch 310 of the high-level alarm 220. In this configuration, when the second 
electrical switch 310 provides a high-level alarm signal SH, the supply pump 426 can also be 
automatically shut-off. 

25 With the reservoir 20 now re-filled with a fresh amount of lubricant L, the system 1 0 

and vehicle 1 5 can continue to be used as described above. When the pump 200 delivers 
enough lubricant L to create another low-level alarm signal SL, the reservoir 20 can again be 
refilled as just described. The reservoir 20 is well-suited for use with high-viscosity grease, 
including grease having a NLGI rating of 1 or softer or a cone penetration value in the range 

30 from about 3 10 to about 340 millimeters of penetration when measured in accordance with 

ASTM D 217. The use of the reservoir 20 is not limited to lubricants, as it is also contemplated 
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that the reservoir 20 could be used for storing or delivering other bulk, preferably viscous, 
materials such as ink, pigment, and the like. 

Also disclosed are methods for operating the lubrication system 10, particularly the 
lubrication reservoir 20. One method of operating a lubrication reservoir 20 comprises the step 
5 of filling the lubrication reservoir 20 with a lubricant. According to one method for the 

lubrication system 10, the alarm system 40 is capable of generating a signal that can be detected 
by a human. The signal represents a high-level warning that corresponds to the reservoir 20 
having a predetermined fill volume remaining, or being filled to a certain level. 

The method further contemplates that the high-level alarm, upon activation, 

10 automatically interrupts the filling of the reservoir 20 with lubricant L. Thus, in the method, 
filling of the reservoir is automatically stopped in response to the signal or high-level warning. 
That is, the alarm system 40 is configured to automatically interrupt the supply of lubricant L 
through the fill port 100 when the follower 80 is at a predetermined location in the body 50. In 
one embodiment, the second alarm 220 generates a signal that causes the shut-off valve 120 to 

15 automatically close the fill port 100, thereby stopping the filling of the reservoir 20. 

The predetermined fill volume remaining may be any value of the reservoir's volume 
between the reservoir 20 being completely emptied or completely filled. In one embodiment of 
the method, the predetermined fill volume remaining represents the volume remaining in the 
reservoir 20 that may be displaced with lubricant before the reservoir 20 is substantially filled, 

20 will be overfilled, or before the reservoir 20 will no longer operate normally. 

In one embodiment, the method may include automatically filling the reservoir 20. In 
such an embodiment, the alarm system 40 is configured to automatically start filling the 
reservoir 20 in response to a low-level alarm signal such as is generated by the first alarm 210, 
as described above. The automatic filling of the reservoir 20 would be continued until the high- 

25 level alarm signal is generated. In such a situation, a refill tank would be included on the 
vehicle, as well as appropriate valving, conduits and control system elements to achieve 
automatic filling. 

Another method of operating a lubrication reservoir is provided where a step of the 
method comprises providing a reservoir 20 having body 50 abutting a top 60 and a bottom 70, a 
30 port 100 through the body 50 proximate to the bottom 70, a follower 80 moveably disposed in 
the body 50, and an alarm system 40 operably associated with the follower 80. The alarm 
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system 40 is capable of generating a signal that may be detected by a human. The alarm system 
40 may comprise the first alarm 210 or the second alarm 220, as described above. In another 
embodiment of the method, the reservoir 20 comprises both a first alarm 210 and second alarm 
220, as described above. 
5 Another step of the method is pumping a lubricant from the reservoir 20. A pump 

assembly 30, and more particularly a pump 200, pumps the lubricant from the reservoir 20 to a 
predetermined location, particularly the fittings and joints of a construction vehicle 15 as shown 
in FIG. 1 . Still yet another step in the method is generating a signal that is detectable by a 
human. The alarm system 40 generates a signal that represents a low-level warning that 

10 corresponds to the reservoir 20 having a predetermined usage time remaining. After the signal 
is generated, the reservoir 20 will continue pumping lubricant L for a time period less than or 
equal to the predetermined amount of usage time remaining. The predetermined amount of 
usage time remaining is described above. In one embodiment, the predetermined amount of 
usage time remaining is least one hour. In another embodiment, the predetermined amount of 

15 usage time remaining is represented by a time length of a work shift such as eight hours. 
During this time, the operator can arrange for refilling. 

It is further contemplated that the signals generated by the alarm system 40 of the 
lubrication system 10 can take a variety of forms. The signals can be local at the reservoir 20 as 
well as in the operator cab of the vehicle 15. The signals can also include a wireless signal to a 

20 remote location for additional consideration by other operator personnel. For example, a signal, 
specific to a certain vehicle, could be wirelessly communicated to a central location. At the 
central location, operating personnel could dispatch a fill vehicle accordingly to perform the 
refill process. 

FIGS. 13A-B and 14A-B disclose alternative embodiments of switch mechanisms that 
25 can be used in the alarm system 40 of the present invention. FIG. 13 A shows a switch 

mechanism 500 configured in a low-level alarm system. The switch 500 generally includes an 
activation assembly 502 and a switch 504. The activation assembly has a housing 506 that 
houses a moveable member 508 having an activation rod 5 1 0. Similar to the structures above, 
the moveable member 508 is biased by a spring 512. It is understood that the housing 506 has a 
30 slot to accommodate the activation rod 510. The moveable member 508 is connected to a 

weight assembly as described above. The switch 504 has an arm 514 and appropriate open and 
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closed contacts. It is understood that the switch 504 is appropriately powered. The arm 514 is 
positioned adjacent and underneath the activation rod 510. It is understood that the switch 
mechanism 500 as used in a low-level alarm operates similar as described above. Generally, as 
the follower 80 moves downward in the body 50 as lubricant L is pumped from the body 50, the 
5 weight assembly moves the moveable member 508 and activation rod 510 downward (Arrow A) 
wherein the rod 510 engages the arm 514 to move the switch 504 to a closed position. FIG. 
13B discloses the switch mechanism 500 configured in a high-level alarm. In this 
configuration, the switch arm 514 is positioned adjacent and above the activation rod 510. As 
discussed above, as the follower 80 moves upwards in the body 50, the rod 514 moves upwards 

10 (Arrow B) to engage the switch arm 514 and move the switch 504 to a closed position. 

FIG. 14A discloses yet another embodiment of a switch mechanism that can be used in 
the alarm system 40 of the present invention. FIG. 14A shows a switch mechanism 600 
configured in a low-level alarm system. Similar to FIG. 13A and 13B, the switch mechanism 
600 has an activation assembly 602 and a switch 604. The activation assembly 602 has a 

15 housing 606 that houses a moveable member 608 and rod 610. The rod 610 extends through an 
aperture of the moveable member 608. Similar to the structures above, the rod 610 is biased by 
a spring 612. It is understood that the housing 606 has a slot that will accommodate a portion of 
the switch 604 as will be described below. The moveable member 608 is connected to a weight 
assembly as described above. The switch 604 has an arm 614 and appropriate open and closed 

20 contacts. It is understood that the switch 604 is appropriately powered. The arm 614 extends 
into the housing 606 through the slot as discussed above. The arm 614 is positioned adjacent 
and underneath the moveable member 608. It is understood that the switch mechanism 600 as 
used in a low-level alarm operates similar as described above. Generally, as the follower 80 
moves downward in the body 50 as lubricant L is pumped from the body 50, the weight 

25 assembly moves the rod 610 and the moveable member 608 downward (Arrow A) wherein the 
rod 610 engages the arm 614 to move the switch 604 to a closed position. Once activated, it is 
understood that the follower 80 can continue moving as the rod 610 can move relative to the 
moveable member 608 because of the aperture. FIG. 14B discloses the switch mechanism 600 
configured in a high-level alarm. In this configuration, the switch arm 614 is positioned 

30 through the slot in the housing 606 and adjacent and above the moveable member 608. As 

discussed above, as the follower 80 moves upwards in the body 50, the rod 610 moves upwards 
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to move the moveable member 608 upwards (Arrow B) to engage the switch arm 614 and move 
the switch 604 to a closed position. Thus, it is understood that the alternative switch 
mechanisms operate in similar fashions as discussed above. The switch mechanisms can thus 
be used to indicate positions of the follower 80. 
5 The lubrication system 10 of the present invention provides several advantages in several 

areas including performance, durability and safety. The system provides an electrical indication, 
based upon mechanical components of the system, when the lubricant level reaches a designated 
low point in the reservoir. After the low-level signal is generated, an operator has a set amount of 
normal operating time before the reservoir 20 is completely emptied of lubricant. This gives the 

1 0 operator an opportunity to arrange for a lubricant fill vehicle to come and re-fill the reservoir before 
the reservoir is completely emptied. This reduces and minimizes the chance that an operator may 
completely empty the reservoir that can allow the pump to inject air into the system causing 
complete system failure, including injector malfunction. Repairing such failure is costly and 
requires removing the system from service for an extended period. Once the failure is addressed, 

15 the overall system on the vehicle must be refilled with lubricant. Avoiding this failure permits the 
operator to finish the work shift and not lose lubrication system function. It further allows the 
operator to plan for a re-fill at an appropriate time such as during a shift change. Also, with the 
system 10, the follower continues to move once the low-level alarm signal is generated. This 
movement allows the follower to continue to function properly and minimizes voids in the lubricant 

20 level at the inlet of the pump when the lubricant level approaches its lowest level in the reservoir. 
This minimizes the chances for further pump malfunction. 

The system 10 further allows for refilling the reservoir without having to open the reservoir 
such as by removing the top. The system further allows for automatic interruption of the supply 
of lubricant during refilling once the reservoir has been filled to the proper full level. This allows 

25 for optimal usage of lubricant and minimizes waste of lubricant. In addition, by keeping the 
reservoir sealed and refilling from a remote, external filtered pump sight, contaminants are kept out 
of the lubricant system including the reservoir, pump assembly and other components of the system. 
The associated alarms further increase the life of the total system. 

In addition, the shorter height of the reservoir places less stress on the walls of the reservoir 

30 and vehicle platform structure. This lower height also maintains operator vision because it does 
not extend past guard rails of the vehicle. The operator's lines of sight are, therefore, not obstructed 
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by the system 10 while the system 10 also provides for an increase operating volume. 

It will be understood that the invention may be embodied in other specific forms without 
departing from the spirit or central characteristics thereof. The present examples and embodiments, 
therefore, are to be considered in all respects as illustrative and not restrictive, and the invention 
5 is not to be limited to the details given herein. 



